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An experimental analysis has been conducted on the capacity 
of a highly-reactive, water soluble hapten, trinitrobenzene 
sulfonic acid, to induce contact hypersensitivity when ap-
lied epicutaneously to body wall skin of normal mice. Ap-~licatiOn of plastic chambers containing the hapten to murine 
skin for as little as 1 h produced readily detectable sensitiza-
tion in several genetically disparate inbred strains. Moreover, 
the efficiency of sensitization was found to be similar to that 
following epicutaneous application of this hapten's lipid-sol-
uble cogener, trinitrochlorobenzene. Using this approach, it 
has been determined that UVE radiation, intradermally in-
jected tumor necrosis factor-alpha, and epicutaneously ap-
lied cis-urocanic acid can impair contact hypersensitivity 
kduction by transepidermally delivered trinitrobenzene sul-
C ontact hypersensitivity (CH) is a cell-mediated im-mune response that is elicited by applying relevant antigenic material to an epicutaneous surface of a previously sensitized individual. Because this inflam-matory response can be elicited by environmental, 
industrial, or pharmaceutical agents, CH is a significant human 
affl iction, and is an important dermatologic problem. For these 
reasons, experimentalists have studied the immunologic basis of CH 
in laboratory animals for almost 100 years [1,2]. Within the past 25 
years, experimental analysis of CH has been particularly rewarding 
because it has been possible to induce and elicit the phenomenon in 
mice - a species highly favorable to immunologic analysis. Among 
the haptens that have been most commonly studied in this manner 
(such as trinitrochlorobenzene, dinitrofluorobenzene, oxazolone, 
and fluorescein isothiocyanate), virtually all are lipophilic, rather 
than water soluble. This property is thought to be important be-
cause lipophilic agents can more readily penetrate the lipid barrier of 
the stratum corneum [3] . In the induction of contact hypersensitiv-
ity, it is widely believed that epicutaneously applied haptens pene-
trate the stratum corneum, then proceed to derivatize epidermal 
proteins th~t are present in soluble form in the extracellular fluid of 
the intra epidermal space, and/or are expressed on the surfaces of 
Langerhans cells, keratinocytes, and any other cells within this 
space. Derivatized epidermal proteins are then endocytosed by epi-
Manuscript received April 19, 1993; accepted for publication July 16, 
1993. 
Reprint requests to: Dr. J. Wayne Streilein, Professor and Chairman, 
Department of Microbiology and Immunology, University of Miami 
School of Medicine, 1600 N .W . 10th Avenue, R-138, Miami, Florida 
33136. 
Abbreviations: CH, contact hypersensitivity; TNBS, trinitrobenzene sul-
fonic acid; TNCB, trinitrochlorobenzene; UCA, urocanic acid. 
fonic acid, and that animals that fail to become sensitized 
proceed to acquire hapten-specific unresponsiveness. It is 
conc!uded that epicutaneous sensitization to chemically 
reactIve, water-soluble molecules is experimentally attain-
able if precautions are taken to insure that contact between 
the hapten solution and the cutaneous surface is maintained 
for at least 1 h. Understanding the cellular and molecular 
mechanisms of sensitization and tolerance induction by epi-
~utaneously applied wat.er soluble haptens may prove to be 
Important I~ ~nderstand1llg the pathogenesis of allergic con-
tact dermatItiS that develops to chemicals in the industrial 
setting, in the environment, and in the clinic.] Invest Dermatol 
101:749-753, 1993 
d.ermal ~ngerhans cells, processed intracellularly into hapten-pep-
tide conjugates, and re-presented on the cell surface in association 
with class II molecules encoded by the major histocompatibility 
complex ~MHC). Eventually, the hapten-peptide conjugates com-
plexed With class I or II MHC molecules are carried by mobile 
La~lgerhans cells S? that the immunogenic moiety is presented to 
naive, hapten-specIfic, MHC-restricted T lymphocytes in draining 
regional lymph node(s). Subsequently, the T-cell effectors of CH 
that emerge from this activation are systemically disseminated [4] . 
I~ .c1inical medicine, the lis.t of agents known to be capable of 
elIcltlng C:H m ~l~man bel11gs IS large and diverse. Although agents 
that are lIpophilIc are well represented, some of the offending 
agents are water soluble (for example, formaldehyde). It is impor-
tant therefore to understand the cellular and molecular mechanisms 
responsible for inductio!l of CH with water soluble agents. Experi-
mental studies of CH mduced eplcutaneously in mice and other 
laboratory animals by water soluble haptens has been very infre-
quently reported. Perhars because of the paucity ofliterature in this 
field, there .i~ a ~enera ~e1ief that water-soluble haptens do not 
usually sensItize via the skm, presumably because they can penetrate 
the stratum corneum only with great difficulty, and therefore do 
not achieve an immunizing concentration within the epidermal 
compartment. 
We have atte~pted to circumvent experimentally the problem of 
hap~en penetration through stratum corneum of murine skin by 
plac111g the water-soluble hapten trinitrobenzene sulfonic acid 
(TNBS) in a plastic chamber, which is then affixed directly to 
clean-shaved murine epidermal surfaces for one or more hours. 
Using this ~rtifice ,:"e have been able to induce typical trinitro-
phenyl-specific CH In several different strains of mice. In addition, 
we have shown that acute low-dose ultaviolet (UV) B radiation 
prior to epicutaneous application of water-soluble hapten in an oc-
clusive chamber prevents CH induction in UVB-susceptible strains 
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Fig~re 1. lnduction of contact hypersensitivity with ,"!,NBS in ~lastic chamber. Panels. (five each) of BALBjc (a), C3HjHeN (b), and C57BLj6 (e) miCt 
receIved epicutaneous application of 3500,ug TNCB drrectly (pamt), 3500,ug TNCB vIa plastic chamber, or 3500)1g TNBS via chamber. All panels, plus 
negative controls, were ear challenged 5 d later with 200,ug TNCB 11120 Itl acetone. Ear-swelling responses at 24 h are presented as mean ± SEM (pm). • and I 
** indicate means significantly greater than negative control with p < 0.0005 or 0.005, respectively. 
of mice, and that these mice ~evelo'p hapten-specific ull~esponsive­
ness. Moreover, intradermalll1Jection of tumor necrosIs factor-al-
pha (TNFa) or UV-irradiated (cis) urocanic acid (UCA) prior to 
epicutaneous application ofTNBS impaired CH induction. Finall y, 
dose-response experiments have revealed that the amount of water-
soluble TNBS required to induce CH via an occlusive chamber is 
very similar to the amOUllt of lipophilic TNCB needed to induce 
CH by conventional epicutaneous application. 
MATERIALS AND METHODS 
Mice Adult mice (8-16 weeks of age) of the following inbred strains-
BALB/c, C57BL/6, C3H/HeN -were obtained from our domestic breed-
ing facility, or purchased from Jackson Laboratories (Bar Harbor, ME). 
BALB/c has been designated a UVB-resistant strain, whereas C57BL/6 and 
C3H/HeN have been found to be UVB susceptible [5). 
Reagents TNBS was purchased from Sigma Co. (St. Louis, MO), and 
dissolved in phosphate-buffered saline (PBS); the pH of this solution was 
adjusted to 6.3 prior to epicutaneous application. Trinitrochlorobenzene 
. (TNCB) was also purchased from Sigma, and dissolved in acetone as de-
scribed elsewhere (6) . Urocanic acid (UCA), purchased in the trans isofonn 
from Sigma, was dissolved in PBS and DMSO, tllen irradiated with UVB to 
create the cis isoform as described elsewhere [7). Approximately 50-60% of 
the UCA was determined to be in the cis configuration after UVB exposure. 
Recombinant murine tumor necrosis factor-alpha (TNFQ) was purchased 
from Genzyme Inc (Boston, MA; specific activity 4 X 107 U/mg), and 
diluted in PBS at 50 ngjO.4 ml for intracutaneous injection. 
Methods of Epicutaneous Sensitization Mice were anesthetized with 
pentobarbital; the fur was removed from abdominal wall skin with a dry 
razOr blade. For sensitization with water-soluble TNBS, appropriate con-
centrations ofTNBS in PBS were applied to the prepared area in an occlusive 
chamber (19 111m), Hill Top Research, Inc. (Cincinnati, Ohio). The 
chamber was held in place for One to six hours with a circumferential 
dressing, after which it was removed. For sensitization with TNCB, appro-
priate concentrations ofTNCB in acetone were applied to the prepared area 
and allowed to air dryas previously described (6]. 
Elicitation of CH Five days after abdominal application of hapten for 
sensitization, the dorsal surface of one car of each mouse was challenged 
with 20 )11 of 1 % TNCB (200 Itg). Ear thickness was measured with an 
engin.eer's micrometer immediately before, and at 24 and 48 h after chal-
lenge with bapten. Negative control mice received an identical ear challenge 
without prior exposure to TNBS or TNCB. All experiments were repeated 
at least twice with similar results. 
Ultraviolet B Radiation Shaved abdominal skin was exposed to ultravi-
olet B radiation (UVB) from a bank of four FS-20 fluorescent lamps with a 
tube to target distance of 46 cm, as described previously [8). Shaved abdomi-
nal wall skin was exposed to UVB on four 'consecutive days (40 J/m2/d). 
Hapten was applied epicutaneously within 1 h of the last exposure to UVB. 
Assay for Unresponsiveness Some mice that received epicutaneous hap-
ten immediately following four daily doses ofUVB were tested for hapten-
specific unresponsiveness as follows. Fourteen days after initial exposure to 
hapten , a sensitizing dose ofTNCB (3500 ltg/50 fl l) was painted on unirra-
diated, normal body wall skin. Five days thereafter their ears were chal-
lenged with dilute TNCB as described above. 
Statistical Analysis of Data The statistical significance of differences i 
the means of each experimental group was evaluated by a Student t tes~ 
Mean differences were considered to be significant when p < 0.05 or l ~ss" 
RESULTS 
Induction of Contact Hypersensitivity with Trinitrobenzent 
Sulfonic Acid in an Occlusive ChaInber The conventiOnal 
dose ofTNCB used to sensitize adult mice epicutaneously is in the 
range of3000 to 7000 f.l.g [6]. We decided to begin Our studies of the 
sensitizing capacity of the water-soluble hapten, TNBS, by placing 
3500 f.l.g TNBS dissolved in 50 fl.l PBS at pH 6 .3, directly on clean_ 
shaved abdominal skin of normal adult mice. Unfortunately, the 
aqueous solution ran off the cutaneous surface within less than 15 
min, in part because the mice began to awaken from anesthesia and 
moved about. To circumvent this problem, we elected to incorpo-
rate the TNBS-PBS solution into an occlusive chamber of 2 Clll 
diameter. The chamber was then applied directly to the dry shaVed 
abdominal skin. We observed that the cutaneous surface to whicb 
an occlusive chamber containing TNBS had been applied for 60 Or 
more min acquired a yellow stain that could not be removed b . 
rinsing the skin with saline. This finding implies that a chemical 
reactio~ had taken place ber:ween .the hapten and the epidermi , 
suggestmg that hapten-protem cOl1jugates may have formed in the 
epidermis. Accordingly, TNBS (3500 f.l.g) ill an occlusive chamber 
was applied to shaved abdominal skins of panels (five each) of 
BALB/c, C3H/HeN, and C57BL/6 mice. The chambers w ere 
held in p lace with a~hesive dre~sings for.6 h . Positive c??-trol panels 
of the same three II1bred strams of IUlce were senSItIzed in the 
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Figure 2. Role of plastic chamber in sensitization with TNBS. Panels 
BALB/c mice received epicutaneous application of 3500 Itg TNBS in l 
plastic chamber, or without chamber (direct), for 1 h. Five days later the em 
of these mice, and negative controls, were challenged and assayed as dt-
scribed in the legend to Fig 1. • and •• indicate means significantly greattt 
than negative controls with p < 0.005 and 0.05, respectively. 



















....I 40 ~ / 
en / 
a: 20 
- - ~ c( 
w 
35 350 3500 
00 so (log scale) 
B 




















a: ~ c( 
w 
0.35 3.5 35 
0010 (log .cale) 
Figure 3_ Dose-response curve of epicutaneously applied TNES. Panels of 
BALBje lTIice received various doses ofTNES in plastic chambers for 6 h. 
Five days later the ears of these mice and negative controls were challenged 
and assayed as described in the legend to Fig 1. Results are presented as 
mean ± SEM (LIm). 
application of 3500 J.l.g TNCB in 50 J.l.l of acetone which was al-
lowed to air dry. Separate panels of mice received 3500 J.l.g TNCB in 
acetone that was incorporated into occlusive chambers and held in 
place for 6 h. The ears of all mice, including negative controls, were 
challenged with dilute TNCB (200 J.l.g in 20 J.l.l acetone) 5 d later. 
Results of representative experiments from this series are displayed 
in Fig 1 a, b,c. In each strain of mice, 3500 J.l.g TNBS applied with the 
aid of an occlusive chamber induced vigorous CH. The intensity of 
these ear-swelling responses was comparable to that evoked by 
TNCB applied epicutaneously-with or without the aid of a 
chamber. In separate experiments, it was possible to demonstrate 
that CH could be induced with 3500 J.l.g TNBS in PBS, which was 
incorporated in a much smaller (1 cm diameter) occlusive chamber 
(data not show.n). Subsequen~ experim.ent~ using chamber applica-
tion times rangmg from 10 mm to 24 h mdlcated that at least 1 h was 
sufficient, and 6 h was optimal at achieving sensitization (data not 
shown). 
Next, we attempted to sensitize BALBlc mice by applyingTNBS 
in PBS (50 J.l.1) directly to shaved abdominal skin without the aid of a 
plastic cha~~er. The mice were deeply anesthetized, pla~ed supine, 
and immobilized. On one group of mice, 50 J.l.l ofTNBS 111 PBS was 
placed directl.y on the abdominal skin, and remained on th.e surface 
without the aid of a chamber for 1 h. In another group of mICe, 50 J.l.l 
ofTNBS in PBS was incorporated into a chamber and placed on the 
skin surface for 1 h. When the ears of these mice were chall enged 
with TN CB 5 d later, they displayed significant swelling responses, 
indicating that CH had been induced (see Fig 2). In fact, the inten-
sity of the ear swelling of mice exposed to hapten without a chamber 
was similar to that of mice that received their initial exposure to 
TNBS via a chamber. This outcome indicates that the chamber 
itsel f is not essential for sensitization with a water-soluble hapten. 
Its utility appears to stem from its ability to maintain the liquid on 
the epicutaneous surface for an extended period of time. For the sake 
of convenience, in all subsequent experiments, plastic chambers 
were routinely used for epicutaneous application ofTNBS in PBS. 
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Table I. Effect of UVB on Induction of Contact 
Hypersensitivity with Conventional Doses of TNBS (3500 J.l.g) 
Strain Panel UVEa TNESb 
Ear Swelling' 
(X 10-3 mm ± SEM) 
C57BLj6 1 + 91.4 ± 2.7 
2 + + 54.4 ± 7.3J 
3 18.8 ± 5.9 
BALBjc 1 + 134.2 ± 12.8 
2 + + 131.0 ± 18.8 
3 30.8 ± 4.0 
: Fo~r. consecucive daily .exposures to UVB (400 J/m2d). 
Tnn1crobenzene sulfOniC aCId (3S00 Jig in PBS) applied Co epidermal surface, S m;cc 
per panel. 
, Mean car-swell ing responses 24 h afcer challenge of pinna wich 20 Jil 1 % TNCB. 
J Panel 2 significantly less chan panel 1, p < O.OOOS. 
In aggr~~ate, these experiments permit us to conclude that mice can 
be senSItIzed through normal body wall skin with a water-soluble 
hapt~n i~ precautions are taken to insure that the aqueous solution 
rema1l1S 111 contact with the skin surface for a sufficient period of 
time-at least 1 h, and preferably 6 h . 
Dose Resp~nse of Epicutaneously Applied TNBS Required 
for Induction of Contact Hypersensitivity Sullivan et al [6] 
have reported that the conventional dose ofTNCB used to sensitize 
mice is exc~ssive . In a careful dose-response study, these investiga-
to~s dete:mmed that significant CH was induced in BALB/c mice 
w~th as Imle as 10 J.l.g TNCB applied epicutaneously to body wall 
Sk.1I1, compared to the conventional dose of 3500-7000 J.l.g. We 
Wished to measure, against this standard, the efficacy of sensitiza-
tion ?y the water-soluble hapten TNBS applied epicutaneously in a 
plastl~ chamber. Chambers containing graded doses of TNBS 
(rangn~g fro~1 0.35 to 3500 J.l.g/50 J.l.1 PBS) were applied to shaved 
abdom1l1al skll~ of panels ofBALBlc mice for 6 h. Five days later the 
ears of these.mlce were challenged with 200 J.l.g TNCB. The pattern 
of.ear~sweIl1l1g responses of these mice, which are displayed in Fig ?, 1I1dlcates that doses ofTNBS 005 J.l.g or greater were sufficient to 
1I1duce CH, whereas lesser doses of the aqueous hapten failed to 
ev?ke CH responses significantly different from negative controls. 
Mice exposed via plastic chamber to doses of TNBS equal to, or 
g:eater than, 35 J.l.g (350 and 3500 J.l.g/site) displayed increasingly 
vigorous CH, b~t the increase in the extent of ear swelling observed 
was ~ot proportional. to the .increase in amount of sensitizing hapten 
applIed (as was des~nbed With the dose-response experiments using 
T~CB). We ~o.nslder the dose of 35 J.l.g TNBS to approximate an 
optun~l-sensltlzl11g one, and we suspect that higher doses deliver 
excessl~e amoun.ts. of hapten to the epidermis. It is of interest that 
~he .op.tl1ual-senslt!z1l1g dose ofTNBS (according to our definition) 
IS SimIlar to that for TNCB defined by Sullivan et al [6]. Thus, 
Table 11_ Effect of UVB on Induction of Contact 
Hypersensitivity with Optimal Sensitizing Doses ofTNBS (35 J.l.g) 
Strain Panel UVBa TNBSb 
Ear Swelling' 
(X 10- 3 mm ± SEM) 
C57BLj6 1 + 67.6 ± 4.6 
2 + + 16.4 ± 2.2J 
3 18.5 ± 3.2 
C3HjHcN 1 + 54.4 ± 3.2 
2 + + 21.8 ± 5.Y 
3 19.0 ± 1.4 
EALEje 1 + 65.2 ± 4.7 
2 + + 14.8±3.1J 
3 16.2±3.1 
•.•. ' As described in legend to Table I, excepc dose of TNBS is 3S Jig. 
J Panel 2 significantly less than panel 1, p < O.OOOS. 
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Figure 4. Effect of acute, low-dose UVB radiation on induction of 
unresponsiveness by TNBS. Panels of C57BL/6 mice received four 
consecutive daily exposures to UVB (400 J/m2/ d) . Shortly thereafter 
TNBS (3500 fig) was applied to the site via plastic chamber. Positive 
control mice received TNBS on unirradiated skin. Both sets of mice, 
plus a second "positive control" group, received an epiclltaneollS 
application ofTNCB in acetone to dorsal body wall skin 14 d later. 
After 5 d, the ears of all mice, pillS negative control s, were challenged 
with TNCB (200 /ig). Ear-swelling resppnses presented as mean ± 
SEM (pm) .• and •• indicate responses significantly greater than mean 





epicutaneous sensitization with a water soluble hapten is not only 
possible, but is similar in efficiency to that achieved with a lipid-sol-
uble form of the same hapten. The following experiments were 
undertaken to explore other parameters of epicutaneous sensiti-
zation with water-soluble hapten leading to CH and its regula-
tion. 
Effects of Acute, Low-Dose UVB Radiation on Induction of 
Contact Hypersensitivity with TNBS Development of an 
acute, low-dose regimen of UVB exposure prior to epicutaneous 
application of hapten has proved to be an informative means of 
studying the cellular basis of CH induction in mice [8], and other 
species including humans [9]. Using this approach, it has been dis-
covered that the abi lity ofUVB to impair CH induction in mice is 
geneticall y determined, with certain strains being UVB susceptible 
(C57BL/6, C3H/HeN) and others being UVB resistant (BALB/c) 
[5 ,10]. We next determined whether UVB radiation has a similar 
effect on CH induction when the sensitizing hapten is TNBS in 
.aqueous solution, applied epicutaneously via plastic chamber. 
Shaved abdominal skin of panels of C57BL/6 and BALB/c mice 
was treated with four daily exposures ofUVB (400 J/m2) . Immedi-
ately thereafter chambers containing either 3500 or 35 Ilg TNBS 
were applied to the irradiated surface for 6 h. The animals were 
chall enged 5 d later with TNCB to measure CH induction. Results 
of representative experiments from this series are summarized in 
T ables 1 and II. When 3500 Ilg TNBS was used in plastic chambers, 
UVB-exposed BALB/c mice developed intense CH, whereas 
UVB-exposed C57BL/6 mice mounted only feeble CH responses. 
These response patterns mimic the responses reported for UVB-
treated mice of the same inbred strains that were painted on irra-
diated sites with 3500 Ilg of lipophilic TNCB. However, when 
only 35 Ilg TNBS was pl aced in the plastic chamber, UVB impaired 
the induction of CH in both UVB-resistant (BALB/c) and UVB-
susceptible (C57BL/6) mice (Table II). These results are essentially 
identical to those recently obtained by Kurimoto and Strei lein [11], 
who have determined that CH induction is impaired by UVB 
treatment in both UVB-susceptible and UVB-resistant strains of 
mice if an optimal (rather than excessive) sensitizing dose of dini-
trofluorobenzene (DNFB) is used for epicutaneous application . 
T hus, the capacity of TNBS to sensitize (or not) through UVB-
treated skin resembles that oflipophilic haptens, implying that epi-
cutaneously applied haptens with widely differing solubility prop-
erties utilize similar cellu lar mechanisms for achieving CH 
induction. 
Induction of Hapten-Specific Unresponsiveness with TNBS 
Applied to UVB-Exposed Skin Another way to compare the 
immunologic characteristics of water-soluble and lipid-soluble hap-
tens applied epicutaneously is to determine whether mice that are 
UVB susceptible are rendered tolerant if they first encounter hapten 
via UVB-exposed skin [8]. Accordingly, abdominal skin of panels of 
C57BL/6 mice was exposed to four consecutive daily treatments 
with UVB, and shortly thereafter 3500 Ilg TNBS in PBS was ap-
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plied.via plastic chamber to the exposed site. Positive control p anels 
of mice received Similar doses of TNBS via occlusive chamber on 
unirradiated body wall skin. Two weeks later, all panels of mice 
received 3500 Ilg TNBS in PBS on unirradiated dorsal body wall 
skin to test for unresponsiveness. When their ears were challenged 5 
d later, mice that were first exposed to TNBS via UVB-treated skin 
mounted significantly lower ear-swelling responses than did posi-
tive ~ontrols (see Fig 4). T!1lls, water-soluble TNBS resembles lipo-
philiC TNCB 111 Its capacity to lI1duce unresponsiveness when ap-
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Figure 5. Effect of intradermal injections of TNFa Or UV-UCA on CH 
induction by TNBS. Panels ofBALB/c mice received intradermal injecrions 
of UV-UCA (200 /ig) (A) or TNFa (50 ng) (B) . Positive control mict 
received intradermal il~ections of PBS instead. Five and one hours later. 
respectively, TNBS (35/ig) in a plastic chamber was applied to these sites. 
For comparison, TNCB (35 pg) was applied epicutaneously to other recipi-
ents of intradermal injected TNFa. Five days later the ears of these mice, and 
negatIve controls, were challenged and assayed as described in the legend to 
Fig 1. Asterisks in A indicate responses significantly less than PBS + T NBS 
control, p < 0.05. In B, (b) is significantly less than (a), and (d) is signifi-
cantly less than (c), p < 0.05. 
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Effects of" Intradermal Injections of Tumor Necrosis Factor-
Alpha or cis-Urocanic Acid on CH Induction by TNBS W e 
have reported that an intradermal inj ection of 50 ng recombinant 
murine tumor necrosis factor-alpha (TNFcx) prior to epicutaneous 
painting of the site with a conventional se l~ s iti z ing dose of DNFB 
significantly Impairs CH gen~ratlon [10]. SUnIlarly, a l.ll11traderm~ 1 
injection of200flg UV-madlated UCA (whIch contaII1ed approxI-
mately 50-60% UCA in the cis isoform) potently inhibited the 
ilJduc tion of CH ifDNFB was app lied to the injecced site [7]. It was 
of inte res t to determine whether either of these maneuvers would 
interfe r e similarly with CH induction by water-soluble TNBS. 
TNFa (50 ng) or UV-UCA (200 flg) was injected intradermally 
into abdom.inal wall skin of normal BALBI c mice. Positive controls 
received intradermal injections of PBS alone. Within 5 h after UV-
UCA o r 1 h after TNFcx, 35 flg TNBS in PBS was placed in a pl ~sti c 
chamber a nd applied to th e injected site for 6 h. C H was assayed 
by challeng ing the ears of these mice with TN CB 5 d later. The 
results, displayed in Fig 5, indicate that pretreatment of skin with 
TNFa or cis-UCA profoundly impaired th e ability of that surface to 
support CH induction by water-soluble hapten applied epicu-
taneou s1y. 
DISCUSSION 
The resuI t s of our ex periments reveal that sensitiza tion with a water 
soluble h apten, leading to th e acquisi tion of typical contact hyper-
sensitiv ity, is readil y achievable in mice - if the hapten is applied to 
the epic uta n eous surface for a suffi cient period of time. Using trini-
troben zen e sulfonic acid as hapten applied via plastic chamber, we 
have been a ble to induce CH in several different inbred strains of 
mice. More over, we have determined in BALBjc mice th.at th.e 
minimum sensitizing dose ofTNBS applied epicutaneously III tillS 
manne r is approximately 35 flg , an amount very similar to that 
described by Sull ivan et al [6] as the minimum sensitizing dose of the 
lipophilic form of the same hap.ten, TNCB, applied epicutaneo~s ly 
[0 mice of the same inbred strall1. Thus, the effiCIency of senSItiza-
tion achiev e d with water-soluble TNBS applied via plastic chamber 
appears to b e comparable to that displayed by the lipid-soluble hap-
ten TNCB. 
O ur d e m.onstration that mice can be sensitized co a water-soluble 
hapten leading to typical CH is not the first description of the 
phenome non. Enander ef al (12] in 1983 reported that BALBj c mice 
acquired CH when picryl sulfonic acid diluted in 70% ethanol was 
painted e picutaneously on the abdomen. Ethanol is known to alter 
the barrie r properti es of the stratum corneum [13]. Therefore , in the 
Enander e xperiments alcohol may have promoted entry of the hap-
ten into the intraepidermal space. Because our hapten preparatIOns 
do not contain ethanol, alteration of the stratum corneum by this 
agent cannot be invoked to explain our results. However, it is POSSI-
ble th at , b y applYlIlg soluble hapten 111 an aqueous solutIOn to the 
epidermal surface, the barrier properties of the stratum corneum are 
nonetheless modified. It has been reported that cOllStant exposure of 
the stratum corneum to an aqueous solution causes progressive hy-
dration , the r eby openin g intercellular spaces through which hapten 
in aqueous phase can diffuse [14] . In our experiments, maintaining 
the aqueous solution containing hapten on the epidermal surface for 
1 h with or without a chamber proved to be suffiCIent to lI1duce CH. 
These results do not inform us concernin g whether the epidermal 
barrier was a ltered by hapten in aqueous so lution, but they do em-
phllsize that th e. length of time that hapten in aqueous form is 
applied to the epIdermal surface IS Important. Whatever the I1lecha-
nism, our d a ta imp ly that once hapten gallls access to the lIltra-epI-
dermal spac e, derivatization of soluble and cell-surface proteins 
proceeds -just as deri va tiza tion takes p.lace ill Ilitro when cell sus-
pensions a r e exposed to TNBS [15). It IS worth pOllltII1g out that 
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Enander e ( at [12] also demonstrated that picry l sulfonic acid placed 
directl y into the nares of mice induced CH . Moreover, Stein-Strei-
lein [1 6] has instill ed TNBS in PBS intratracheal ly into hamsters as 
a means to achieving systemic C H. The surfa ces of the upper and 
lower respiratory tracts are wettable, and readily pernUt (or perhaps 
even promote) th e transfer of water-soluble molecules from the 
lumen into the lining epithelium. 
Our findings indicate th at once the barrier of the skin is breached, 
soluble haptellS, such as TNBS, not onl y induce CH, but that the 
process by which CH is induced is susceptible to modification by 
UVB radiation and loca l injections of TNFcx an d cis-UCA. The 
responses of UVB-susceptible and UVB-resistant mice to chamber-
applied TNBS after UVB radiation are indistinguishable fro l11 the 
responses of mice exposed to TNCB after UVB exposure. Intrader-
mal injections ofTNFcx or cis-UCA impair CH induction, wheth er 
the applied hapten is TNCB or TNBS. The ability to sensitize mice 
to water-soluble haptens may have relevance to contact dermatitis 
in humans. If Our findings ca n be generalized to other water-soluble 
compounds that have the potential to function as haprens, th en 
there may be situations in the work place, in the environment, and 
in rh e clinic where individuals whose skin is exposed suffiCiently 
may become sensitized to water-soluble haptens. 
We lIIisl. to Ihallk 1115. Mercedes Aralia jorexperllcchllica{ assis(m,ce. This lIIork /Vas 
supported by USPHS gralll A I 22072 alld by a COlllract fro m Conl!alec, Brislo/-
Myers/Sq/libb. 
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